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ABSTRACT 
Background: The innominate angle is defined as the angle at which the hip bone is rotated 
on the sacrum. During gait, sitting or standing in a flexed position, the innominate bones rotate 
anteriorly and posteriorly on the sacrum. If the sacroiliac joint is in a state of dysfunction, it can 
be described as hypomobile or restricted in motion (Grgić, 2005). It is noted that a chiropractic 
manipulation, specific to the sacroiliac joint, is able to restore mobility (Cooperstein, 2010; 
Bergmann and Peterson, 2011). Thereby, chiropractic manipulation has an immediate effect 
on the innominate angle (Cibilka et al., 1988; Craig and Moodley, 2015).  
Aim: The aim of the study was to ascertain whether chiropractic manipulative therapy 
changes the innominate angle, beyond the immediate effects of the sacroiliac joint 
manipulation. 
Method: In this study, twenty-five female (Female group) and twenty-five male (Male group) 
participants (N=50) between 18 and 40 years of age were chosen to participate in the study. 
Participants had to meet the inclusion criteria (no lower back pain and sacroiliac dysfunction). 
All participants received chiropractic manipulation, with each participant’s pre-manipulation 
readings as baseline.  
Participants were assessed for sacroiliac joint dysfunction. Those who met the inclusion criteria 
underwent a detailed history, physical and lumbar regional examination on the initial 
consultation. Pre-manipulation objective measurements were acquired using the PALM 
PALpation Meter. Participants were seen three times over a period of 48 hours. This included 
two visits on the first day: the initial consultation including treatment, a follow up visit an hour 
later, and a third visit 48 hours after treatment. At the first consultation, the participant was 
required to read and sign the information form (Appendix H) and consent form (Appendix I). 
During this consultation, the researcher explained the procedure to the participant and the 
participant’s questions were answered.  
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Once the consent forms were signed, participants received a once-off treatment, with follow up 
consultations, which included collection of objective measurements of the innominate angles 
using the PALM PALpation Meter device. Participants received chiropractic manipulative 
therapy to the sacroiliac joint, and dysfunction was determined by motion palpation tests 
performed by the researcher. Post-manipulation objective measurements of the innominate 
angles were taken an hour after treatment and again 48 hours later using the PALM PALpation 
Meter. Participants were required to remain on campus for the hour post-treatment while 
continuing their regular daily activities. The participants were required to return for another 
follow up visit 48 hours after the initial visit but were reminded to not add physical stress on 
their bodies during the 48 hours of the study. 
Results:  Clinically significant results were noted in the Female group and the Male group 
over the course of the study with both groups showing a change in the innominate angle at 48 
hours and neither one showing superiority over the other. The results of this study show that a 
specific chiropractic manipulation does result in a long term change in the angle of the 
innominate bone. The objective results show that there was a statistically significant change in 
angle over the 48 hour period. The Female group showed a 38.34% statistically significant 
(p=0.000) change in angle on the restricted side and 13.16% on the non-restricted side. The 
Male group showed a 38.34% statistically significant (p=0.000) change in angle on the 
restricted side and 16.33% on the non-restricted side. There was no statistically significant 
difference between the two groups (p=0.063).  
Conclusion: In the long term, chiropractic manipulation to the sacroiliac joint, can have 
beneficial effects on the innominate angle, in terms of restricted motion and joint dysfunction, 
over 48 hours.  
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CHAPTER 1 : INTRODUCTION 
1.1 Problem Statement  
Chiropractic has been proven to be an effective treatment for pain, improves limited joint range 
of motion and increases muscle activity. 
Chiropractic professionals commonly treat the sacroiliac joint since it is a common cause of 
lower back pain. It is likely that the sacroiliac joint is accountable for 15% to 30% of lower back 
pain cases (Cohen et al., 2013). The sacroiliac joint is susceptible to biomechanical changes 
due to lifestyle activities such as running, sitting, muscle imbalances and posture. Resultant 
abnormal biomechanics caused by a pelvic tilt, can result in the development of lower back 
pain from hypertonic muscles (Sweeting, 2007). 
By applying spinal manipulative therapy to a dysfunctional segment of the sacroiliac joint, there 
is an immediate effect on bilateral innominate bone angles (Craig and Moodley, 2015). 
However, minimal research discussing the length of time and its relationship to the changes of 
the innominate angle is recorded in the literature. Therefore, the aim of this study was to 
determine whether chiropractic manipulation of the sacroiliac joint has a sustained effect on 
the innominate angle, regardless of certain external factors such as occupational risk factors 
and sports related impact on the SIJ that could lead to dysfunction.  
It has been proven that chiropractic treatment treats functional leg length inequalities that 
result from abnormal pelvic tilt postures, which subsequently reduces postural abnormalities, 
muscular imbalances and lower back pain (Lawrence et al., 2008). 
1.2 Aim 
The aim of the study was to ascertain the duration of chiropractic manipulative therapy  
changes in the innominate angle beyond the immediate effects of the sacroiliac joint 
manipulation. The primary objective was to determine whether a sacroiliac joint manipulation 
would have long-term effects on the innominate angles.  
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1.3 Possible Outcomes 
The outcome of this study will substantiate whether chiropractic manipulation has a sustained 
effect on the innominate angle of the sacroiliac joint. This will support the value of chiropractic 
manipulative therapy with regard to the treatment of lower back pain. 
1.4 Benefits of the Study 
The possible benefits of this study are the following: 
▪ Benefits the profession in that it substantiates the worth of chiropractic manipulation in 
the treatment of sacroiliac disorders.  
▪ Gives evidence on assessment of the sacroiliac joint angles, which credits the 
profession. 
▪ Demonstrates the extent of chiropractic manipulation and its effects on the innominate 
angles.  
▪ Educates all medical professionals to assess the biomechanics of the sacroiliac joint 
as a cause of lower back pain.  
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CHAPTER 2 : LITERATURE REVIEW 
2.1 Introduction 
This study aimed to investigate chiropractic manipulation on sacroiliac joint dysfunction (SIJD) 
by ascertaining the duration of chiropractic manipulative therapy changes in the innominate 
angle beyond the immediate effects of the sacroiliac joint manipulation. It evaluated manual 
therapy as a possible long term relief for individuals with sacroiliac dysfunction or sacroiliac 
joint syndrome.  
Within this chapter all relevant anatomy, biomechanics, neurology and the role of chiropractic 
manipulation will be discussed.  
Bad posture and the position of the pelvis has been associated with multiple musculoskeletal 
pathologies (Sahrmann, 2002). Asymmetry within the pelvic structures is believed to lead to a 
cascade of postural compensations, predisposing the individual to numerous neuro-
musculoskeletal dysfunctions (Juhl et al., 2004). It has been reported, that the presence of 
asymmetry in pelvic articulations is indicative of sacroiliac dysfunction (Freburger and Riddle, 
1999).  
Assessing the pelvic tilt is of importance because of its possible relationship to pelvic, spinal 
and lower limb pathologies (Herrington, 2011; Youdas et al.,1996). In one study, the degree of 
pelvic tilt in an asymptomatic population, with a sample size of 120 individuals (without any 
conditions) was assessed. The results showed that 85% of males and 75% of females 
appeared to have an anterior pelvic tilt while 6% of males and 7% of females showed a 
posterior pelvic tilt. Interestingly, the male group showed a significant difference in pelvic 
angles between right and left (Herrington, 2011).  
Chronic lower back pain (LBP) does not always originate in the lumbar spine, but may rather 
be a result of myofascial pain syndromes and abnormal pelvic biomechanics, which may 
progress to functional leg length inequalities (Cooperstein and Lew, 2009). In addition, non-
communicable diseases, or chronic diseases are often caused by a variety of environmental-, 
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behavioural-, genetic- and physiological influences (WHO, 2018). The second leading 
contributor to disability worldwide, is musculoskeletal conditions of which LBP is the foremost 
cause (Ehrlich, 2003). Musculoskeletal conditions and injuries are not exclusive to the geriatric 
population but are prevalent amongst all ages. One in three people live with a painful and 
disabling musculoskeletal condition which often occurs during their peak income-earning 
years. Musculoskeletal conditions remarkably limit freedom of movement and ability, leading to 
early retirement from work, reduced accumulated wealth and reduced ability to participate in 
social roles. Indeed, the greatest proportion of persistent pain conditions is accounted for by 
musculoskeletal conditions (WHO, 2018). Furthermore, musculoskeletal health is essential for 
functional daily living, as it allows one to work and be an active participant in all aspects of life. 
It is necessary for maintaining economic, social and functional independence. The burden of 
long term non-communicable disease has inclined considerably over the past 26 years, with an 
increased accountability of 17.5% of global disability life years. The focus of health care has 
shifted its emphasis to promotive-, preventative- and rehabilitative health care in order to 
sustain functional ability into older age (WHO, 2018).  
The application of manual therapy by means of chiropractic treatment addresses 
musculoskeletal health (Bronfort et al., 2013). It was noted that a chiropractic manipulation 
specific to the sacroiliac joint, is able to restore the biomechanical integrity of the restricted 
joint (Cooperstein, 2010). 
2.2 Incidence and Prevalence of Sacroiliac Dysfunction 
Sacroiliac joint (SIJ) dysfunction is said to be one of the biggest contributors to lower back 
pain, although the diagnosis thereof is somewhat inconclusive (Cohen et al., 2013). In a 
systematic review of the epidemiology of the SIJ, it is predicted to be responsible for 15-30% of 
lower back pain cases. Sacroiliac joint dysfunction is more common in young and middle-aged 
women due to pregnancy and post-partum which makes them more susceptible to SIJ pain 
(McGrath, 2004). 
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Globally, researchers are extensively investigating LBP and the anatomical structures with 
nerve supply that could potentially be the cause of pain. By using nerve block procedures, they 
were able to identify the structure/s that account/s for the pain (DonTigny, 2017). 
Using anaesthetic blocks of the SIJ, Schwarzer (1995), investigated the contribution of the SIJ 
in a LBP population. They found that 18.5% were considered to have pain from the SIJ. As 
injections were given into the synovial part of the joint and did not involve the posterior 
ligaments, it is possible to conclude that the SIJ is responsible for LBP in a higher proportion of 
subjects. Computed Tomography (CT) or fluoroscopic guided injection into the SIJ are 
considered the gold standard for diagnosing SIJ dysfunction (Poley and Borchers, 2008). 
Slipman (2000), used a fluoroscopically guided SIJ injection on 50 subjects who met the 
clinical criteria, and found that 94% reported buttock pain and 72% reported lower lumbar pain. 
This presentation of pain in the 50 subjects are identified as the referral patterns of the SIJ. 
Although movements at the SIJ are very limited, it is still very significant in causing pain in the 
SIJ (DonTigny, 2017).  
2.3 Chiropractic Profession 
2.3.1 Chiropractic Manipulation 
Chiropractic spinal manipulation can be described as a mechanical event. By physically 
contacting the specific segment with the palm, a touch pressure is exerted. This manual 
application is followed by force that is aligned with the direction the practitioner wishes to 
perform the technique to achieve the desired outcome, which in most cases is the direction of 
joint movement that is restricted (Kapandji, 2008; Gatterman, 2005). 
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Manipulation typically refers to changing something to reach a desired goal or effect. 
Chiropractors are professionals who have vast interest in joint functionality. As a chiropractic 
professional, disturbances in joint function and mobility is an indicator of manipulation. The 
professional aims to restore joint mobility and function through the action for manipulation. 
Manipulation performed by a chiropractor is done by hand and involves a low amplitude, high 
velocity, impulse thrust to a joint (Gatterman, 2005; Leach, 2004). Thereby, chiropractic 
manipulation aims to influence the biomechanics of the facet joints of two adjacent vertebrae 
(as seen in figure 2.1) by determining the restricted facet joint and applying the external force 
(in the required line of drive) needed to create the movement at that specific facet joint level 
(Gatterman, 2005). It is theorized that sensory receptors found in spinal muscles and 
paraspinal muscles, joint capsules and ligaments and facets of related vertebrae, are 
stimulated through biomechanical alterations (Haldeman, 2000). Furthermore, chiropractic 
manipulation activates reflex centres in the spinal cord and higher centres which leads to 
sympathetic and parasympathetic responses (Haldeman, 2005). 
  Figure 2-1: Facet joint of two adjacent vertebrae (Netters, 2012) 
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Chiropractic manipulation aims to evoke a neuromuscular reflex by stimulating the 
somatosensory system (Keller and Colloca, 2002). It is hypothesized that the neurological 
effects of spinal manipulation are the following: 
▪ Increased mobility of the affected joints by increasing impulses in the afferent neurons 
of muscle spindles and decreasing activity of the y-motor neurons.  
▪ Increased discharge of y-motor neurons in the muscles related to the vertebral 
segment that is subluxated.  
▪ Reduced gain of the y-loop, owing to impulses from the muscle spindle afferents.  
▪ Response by muscle spindles and golgi organs to spinal manipulation (Keller and 
Colloca, 2002). 
2.3.2 Sacroiliac Joint Manipulation Technique 
The chiropractic treatment goal for SIJ pain is to utilize a method that is best tolerated by the 
patient and yields the best outcome. Especially in patients with lower back or buttock pain that 
stems from the SIJ, a variety of chiropractic procedures can be applied and are often 
considered the first line of treatment (Gatterman, 2005). Patients respond better to different 
approaches, therefore, as a chiropractor various manipulations may be adopted to treat the 
patient's SIJ pain (Gibbons, 2017).  
There are two general chiropractic manipulation approaches for SIJ dysfunction: i) traditional 
chiropractic manipulation, also called spinal manipulation or high velocity, low amplitude thrust 
(HVLA) and gentle/less forceful manipulation, also called spinal mobilization but with low-
velocity, low-amplitude thrust (LVLA) (Gibbons, 2017). The most commonly used chiropractic 
manipulation of the sacroiliac joint is usually accomplished with the patient lying on their side 
with the restricted side facing up (Esposito and Philipson, 2005). The different techniques of 
chiropractic manipulation used depends on the restriction in movement found (Appendix, D). 
The thrust in this type of manipulation usually results in an audible release, called cavitation, 
which is created by oxygen, nitrogen, and carbon dioxide escaping from the joint when the joint 
is pushed past its passive range of motion but well within the tissue boundaries (Esposito and 
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Philipson, 2005). The theory of Mennell gives an explanation to a cavitation, by stating that 
when the manipulation is carried out, the capsule surrounding the synovial joint is being 
stretched very rapidly. This forms a vacuum which suddenly draws the capsule inwards 
causing the snapping sound (Esposito and Philipson, 2005).  
In a study by researchers who performed sacroiliac manipulation in order to treat SIJ 
syndrome, the outcome showed positive results. The patients showed statistically significant 
pain decrease in the subjective data gathered between consultations, which included a 
Numerical pain scale rating and the Owestry pain and disability questionnaire (Naidoo and 
Moodley, 2014). 
In another study the efficacy of sacroiliac manipulation was compared to sacral drop in the 
treatment of SIJ syndrome (Engelbrecht et al., 2010). Although both approaches showed a 
statistical significance in pain decrease, the group that underwent the sacroiliac manipulation 
had a 13% higher decrease in pain compared to the sacral drop group. Both groups separately 
showed a statistical increase in lumbar spine range of motion (ROM), the sacroiliac 
manipulation group had a 68% increase in right rotation ROM (p= 0.001) and the sacral drop 
group had a 23% increase in right lateral flexion ROM (p= 0.013) (Engelbrecht, et al., 2010).  
2.3.3 Effects of Chiropractic Manipulation 
As stated by Bergmann and Peterson, chiropractic manipulation restores normal movement 
capabilities to a previously restricted joint, thereby treating the biomechanical dysfunction 
(Bergmann and Peterson, 2011). By applying manual therapy, which is a physical movement, 
it prompts motion at the joint by means of a thrust technique or even by a non-thrust technique 
(Bergmann and Peterson, 2011). A SIJ manipulation applied directly to the involved site of 
dysfunction has been shown to have a positive effect on the weight distribution from the trunk 
to the legs through the joint and such changes were observed immediately post-manipulation 
(Gassi et al., 2011).  
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According to the study of Schooling and Yelverton, the effect of a SIJ specific manipulation on 
gait is immediate (Schooling and Yelverton, 2012). Any dysfunction that presents in one of the 
joints in the legs can result in abnormal biomechanics of gait and indirectly impacts the lower 
back over time. This dysfunction at the SIJ alters the way the other joints function and they will 
start compensating for the lack or change in movement at the dysfunctional joint (Comerford 
and Mottram, 2001; Sahrmann, 2000). In addition, the unpublished study of Craig and Moodley 
showed that a manipulation specific to the SIJ had an immediate effect on the angle of the 
innominate bones, thus there was a significant change in the movement of the innominate 
bones and an impact on the restricted movement. A mean change of 2.25° on the side of the 
dysfunction was recorded (Craig and Moodley, 2015).  
Spinal manipulation has a positive effect on proprioception, for example improved awareness 
of the elbow joint position (Haawik et al., 2018). Several theories suggest that spinal 
manipulation has an effect on altered afferent input to the central nervous system (Haawik et 
al., 2018). Postural balance is restored by correcting the motion restriction through chiropractic 
manipulation (Miners, 2010). Anatomically and physiologically, the body and its nervous 
function especially the sensory system, is of particular importance to the chiropractor. The 
body consists of specialized cells called sensory receptors which monitors specific conditions 
in the body and/or the external environment. When these receptors are stimulated it sends 
information via the sensory neural pathways to the central nervous system (Martini et al., 
2015). Physiologically, a variety of sensory receptors are found within body tissue and each 
group of receptors have a feature called receptor sensitivity which means each group of 
receptors are sensitive to a specific sense input to the brain (Martini et al., 2015). Specific to 
the profession of chiropractic, the nociceptors and mechanoreceptors are studied in great 
detail.  
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Specific intensive research in the field of chiropractic treatment and the effects thereof has 
shown changes across both physiological and neurological processes contributing to the 
behaviour of the joint (Smith et al., 2006), for example:  
• Restoration of normal joint function  
• Enhancement of active and passive ranges of motion 
• Pain relief 
• Reduction of muscle spasm and tension 
• Breakdown of adhesions within the joint capsule and surrounding ligaments 
• Autonomic changes of blood flow and blood pressure 
• Normalization of irregular reflex responses (Esposito and Philipson, 2005).  
2.4 Treatment of Sacroiliac Dysfunction and the Outcomes 
In the experimental study of Cibilka, Delitto and Koldehoff (1988) the changes in innominate tilt 
after manipulation of the SIJ in patients with lower back pain were measured. The presence of 
sacroiliac joint dysfunction (SIJD) were examined by two independent examiners with excellent 
interrater agreement on the presence or absence of SIJD (Cohen’s Kappa = 0.88). The 
researchers measured the left and right innominate angles before and after intervention of 
manipulation on the treatment group. A control group was also used which received no 
treatment. The results showed a statistically significant difference in the tilt of, not only the 
dysfunction side, but also of the opposite side. The study concluded that SIJD can be identified 
in patients with lower back pain and that manipulation specific to the SIJ results in a bilateral 
change in innominate tilt (Cibilka et al., 1988), thus, connecting SIJD with lower back pain.  
In a comparative study, thirty-two women were selected whom met the criteria of SIJD with 
pain. Divided into two equal groups, the one group received only SIJ manipulation and the 
other group SIJ and lumbar manipulation together in one treatment session. The outcomes 
were assessed using a visual analogue scale (VAS) at baseline, immediately after, 48hours 
and one month after the treatment and an Oswestry Disability Index (ODI) questionnaire at 
baseline, 48hours and one month after the treatment (Kamali and Shokri, 2011). The results of 
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this study revealed a statistically significant improvement immediately, at 48 hours and one 
month after treatment for pain and significant improvement at 48 hours and one month after 
treatment for functional disability in both groups (Kamali and Shokri, 2011). Using the ODI 
questionnaire, analysis revealed that functional disability improved significantly 48 hours and 
one month after treatment. Although this study does not define any changes in the innominate 
angles, we can still draw the conclusion that the manipulation did influence the dysfunction of 
the SIJ by means of the movement achieved through the high velocity, low amplitude thrust of 
the manipulation (Cramer et al., 2011; Cibilka et al., 1988). Directly this involves the 
innominate bone and by definition its angle, but the degree to which the angle is changed and 
whether it reverts is unclear. There was a statistically significant decrease in pain and 
improved functional disability, which relates to the dysfunction of the SIJ (Cooperstein, 2010; 
Haldeman, 2005). 
Multiple research studies have defined the SIJ to be one of the leading causes of lower back 
pain in individuals. This joint can lead to a cascade of pain and in fact the dysfunction thereof, 
caused by various factors (Cohen et al., 2013; Cooperstein and Lew, 2009; WHO, 2018). 
Treating the sacroiliac dysfunction in turn affects the range of motion of the lumbar spine, 
pelvic motion and the kinetic chain of the lower limbs (Engelbrecht et al., 2010; Schooling et 
al., 2012).  
Anatomically the SIJ is controlled by a group of muscles that crosses the joint and receives 
some innervation from the sacral plexus originating at spinal cord levels L4-S3. Since the SIJ 
is partially covered with a synovial capsule, movement at the joint is possible, although small 
(Moore et al., 2014). It is therefore possible that stretching of the capsule can be achieved 
during the high velocity low amplitude thrust of manipulation (Esposito and Philipson, 2005) 
and that joint gapping occurs during manipulation of the SIJ, stretching the capsule (Méal and 
Scott, 1986). There are three phenomena that explain why joint gapping could result in the 
restoration of hypomobile (dysfunctional) joints: (1) release of entrapped synovial folds, (2) 
relaxing hypertonic muscles and (3) disrupting articular and peri-articular adhesions (DeFranca 
and Levine, 1996). 
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The capsule is innervated and lined with receptors, making it susceptible to mechanical 
stimulation through manipulation. This mechanical input, stretching of the capsule through 
manipulation, follows neurological pathways to the brain (Cramer et al., 2011). Manipulation of 
the SIJ thus causes a reflexogenic effect that relaxes muscles (Potter et al., 2005). When the 
capsule is stretched, it excites the inhibitory interneuron which inhibits alpha motor neuron 
activation (Potter et al., 2005). There are studies where an increased electromyography (EMG) 
response was elicited in response to stimuli applied over a painful spinous process (Potter et 
al., 2005). Korr’s theory states that a painful segment has a facilitatory response together with 
a lowered threshold to stimuli. The facilitated response leads to an increased gamma motor 
neuron activity, which increases the alpha motor neuron activity and subsequently results in 
muscle hypertonicity (Potter et al., 2005).  
The SIJ manipulation has a reflexogenic effect on the associated musculature and acts 
indirectly to improve the overall function at the SIJ (Shearar et al., 2005). Cibulka et al., (1988) 
noted improved innominate tilt bilaterally, whereas Osterbauer et al., (1993) reported 
decreased pain, disability and pain pressure threshold both initially and at a 1-year follow-up in 
patients who received sacroiliac manipulation.  
Since SIJ dysfunction is characterized as a mechanical destruction, treatment through 
sacroiliac manipulation focuses on restoring normal joint mechanics and function. This all 
closely involves the innominate angle. The innominate angle is defined as the angle at which 
the pelvic bone is rotated on the sacrum. During gait, sitting or standing flexion, the innominate 
bones nutates and counternutates at the sacrum. With the sacrum in a state of dysfunction it is 
described as restricted in mobility or as hypomobile (Grgić, 2005). 
2.5 The Sacroiliac Joint 
The primary function of the multi-movement SIJ is to act as a weight bearing joint and transmit 
load from the spine to the legs. This transmission of load through the SIJ occurs throughout 
sitting, standing and walking (Levangie and Norkin, 2012). Indeed, it is said that the SIJ gives 
mobility to the pelvic cavity during ambulation (Kapandji, 2008). 
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2.5.1 Gross anatomy of the sacroiliac joint 
The pelvic girdle forms a close kinetic chain which involves the SIJs, the pubic symphysis and 
the associated ligaments and muscles (Vleeming et al., 2012). This osseous-ligamentous ring 
is formed by three bones namely the sacrum and the left and right innominate bones (Moore et 
al., 2014), also known as ilium bones (refer to figure 2.2). The triangular shaped sacrum is 
located posteriorly in the midline, articulating with the innominate bones at the SIJs. This 
diarthrodial joint is formed between the articular surfaces of the ilium and the sacrum, 
consisting of an anterior synovial joint and a posterior syndesmosis (Moore et al., 2014) (refer 
to figure 2.3). 
Figure 2-2: Illustration of the iliac bones (innominate bones) (Moore et al., 
2014) 
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2.5.2 The sacroiliac joint in males and females 
In females, the hormone relaxin plays a big role in preparing the uterus for pregnancy. This 
hormone is released after ovulation in the second half of the menstrual cycle. Although it is 
also found in males, it does not circulate in the blood. The hormone relaxin structurally relates 
to insulin and insulin-like growth factor, which exerts its regulatory effect on the 
musculoskeletal and other systems through binding to its receptors in various tissues, 
mediated by different signalling pathways. By activating collagenase, relaxin changes the 
properties of cartilage and tendons (Dehghan et al., 2014). Studies have revealed that higher 
levels of relaxin influence ligament integrity in such a way that the ligament becomes more 
laxed and prone to injury (Dragoo et al., 2011; Wolf., 2013). Relaxin also plays a role in bone 
remodeling and healing of injured skeletal muscle. Relaxin is involved in the skeletal muscle 
healing process by regulating inflammation, tissue remodeling, and fibrosis (Formigli et al., 
2005, Deghan, et al., 2014). 
Anatomically, pelvic girdles of males and females differ in several respects (refer to table 2.1). 
These sexual differences are related mainly to the heavier build and larger muscles of most 
men and to the adaptation of the pelvis in women for childbearing. Thus, regarding the latter, 
the female pelvic outlet being the inferior pelvic opening is comparatively large to the male 
Figure 2-3: Illustration of the sacroiliac joint (Moore et al., 2014) 
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pelvic outlet. Comparing the male superior pelvic opening of the pelvic girdle to the female’s, it 
is heart-shaped and narrow as to oval, rounded and wide (Moore et al., 2014).  
Table 2-1: Comparison between male and female pelvisCOMPARISON OF MALE AND 
FEMALE BONY PELVIS 
Bony Pelvis Male  Female  
General structure Thick and Heavy Thin and light 
Greater pelvis Deep  Shallow 
Lesser pelvis Narrow and deep, tapering Wide and shallow, cylindrical 
Pelvic inlet Heart-shaped, narrow Oval and rounded, wide 
Pelvic outlet Comparitvely small Comparitively large 
Pubic arch and subpubic 
angle 
Narrow (<70°) Wide (>80°) 
Obturator foramen Round  Oval  
Acetabulum  Large  Small  
Greater sciatic notch Narrow (<70°), Inverted  Almost 90° 
 
In a study by Herrington (2011), gathering objective data to support the validity of the PALM 
PALpation Meter, it was discovered that there is a significant difference in the pelvic angle 
between the left and right side in males with a p-value 0.002. However, in females the 
difference between sides showed to be not significant with a p-value of 0.314. However, the 
difference between the left and right innominate angle for males was less than the smallest 
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detectable difference statistically found in this study of Herrington (2011), assessment of the 
degree of pelvic tilt within a normal asymptomatic population. Thus, it is likely that there were 
measurement errors in Herrington’s study of 2011. 
The movement that is achieved at the SIJ as well as the degenerative condition of the joint 
surface is age and gender dependant (Gatterman, 2004). Advanced age is accompanied by 
change in the articular surface that leads to degeneration within the joint. The ongoing cycle of 
joint degeneration is worsened by the surrounding structures compensating for movement that 
results in hypertonic muscles, stiff and lengthened ligaments together with changed 
biomechanical movements of the joint resulting in pain. All these changes do not allow the joint 
to move as it should, until its ability to be functional becomes lost completely (Haldeman, 
2000). 
2.5.3 Articular surfaces of the sacroiliac joint 
The SIJ is classified as a typical synovial lined gliding joint. It can be divided into an anterior 
and posterior compartment within the joint. The anterior compartment is studied as the synovial 
portion lined by a synovial membrane between the sacrum and ilium. The posterior 
compartment which forms the syndesmosis portion, is lined by a ligamentous capsule. A 
syndesmosis is a type of fibrous joint in which opposing bones are connected by connective 
tissue forming an interosseous membrane or ligament (Moore et al., 2014).  
In females the articulating surfaces on the sacrum are C-shaped and are located on the sides 
of the sacral vertebrae lateral to the sacral foramina. The surfaces are marked by a central 
surface depression that extends the length of the articulating surfaces. The articular surfaces 
are covered with hyaline cartilage which is thicker than that of the iliac cartilage. The 
articulating surfaces of the iliac are also C-shaped but are made up of fibrocartilage (Moore et 
al., 2014). In males the articulating surfaces on the sacrum and iliac are L-shaped, lined with 
hyaline cartilage on the sacrum and fibrocartilage on the iliac surface (Moore et al., 2014). 
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2.5.4 Ligaments of the sacroiliac joint 
The SIJs are directly associated with anterior, interosseous and posterior sacroiliac ligaments. 
Amongst the ligaments involved, the interosseous ligaments are considered most important as 
they constitute the major bonds between the sacrum and the ilia. These ligaments limit the 
ranges of motion that occur around the sacroiliac joint and so maintains the integrity of the 
transfer of energy from the upper body through the spine and pelvis into the legs (Cramer and 
Darby, 1995). 
2.5.4.1 Interosseous ligaments 
The interosseous ligaments link the sacral tuberosity and iliac tuberosity. These ligaments are 
incredibly strong ligaments that blends posteriorly with the posterior sacroiliac ligaments 
(Moore and Dalley, 2006).  
The interosseous ligaments are large ligaments which keep the sacral and iliac surfaces 
together and resist joint separation, thus are responsible for most of the stability. These 
ligaments are found in the irregular spaces immediately above and behind the SIJ. This 
ligament consists of two parts, a superficial and a deep part. The superficial part unites the 
superior articular processes and the lateral crest of the sacrum to the ilium and blends with the 
fibrous part of the articular capsule. The deep part consists of two bands whose fibres become 
progressively longer posteriorly and superiorly (Bergman, 2000). 
2.5.4.2 The posterior sacroiliac ligaments 
The transverse fibres of the posterior sacroiliac ligaments are short and strong, and their fibres 
run between the ilium and the first two sacral tubercles, situated at the lateral crest of the 
sacrum (Moore and Dalley, 2006) (refer to figure 2.4). 
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The ligament overlies the interosseous sacroiliac ligament (Porterfield and De Rosa,1991). The 
anterior sacroiliac ligament and posterior sacroiliac ligament both function to counteract the 
forces of gravity and to prevent dislocation of the SIJ, particularly during an upright position 
(Cox, 1999). 
2.5.4.3 The anterior sacroiliac ligaments 
The anterior sacroiliac ligaments form a wide sheet of transverse fibres that covers the anterior 
and inferior aspects of the SIJ (Moore and Dalley, 2006) (refer to figure 2.5).  
This anterior ligament is a thickening of the anterior and inferior capsule of the SIJ (Bergman, 
2000). The anterior ligament fibres attach horizontally across the joint and become 
progressively thicker inferiorly. At the inferior portion of the joint at the level of the posterior 
inferior iliac spine, the capsular ligament is particularly well developed and connects the 
second sacral segment to the lateral margin of the pre-auricular sulcus (Cox, 1999). 
Figure 2-4: Illustration of posterior sacroiliac ligaments (Moore et al, 2014) 
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2.5.5 Neuroanatomy of the sacroiliac joint 
The SIJ itself has its own innervation, although it may differ from one individual to another. The 
SIJ is innervated by the superior gluteal nerve, the sacral plexus and the dorsal rami of the S1 
and S2 spinal nerves (Moore et al., 2014). The sacral plexus is formed by the anterior primary 
divisions of L4 and L5, S1-3 and part of S4 (refer to figure 2.6).  
The SIJ, the joint capsule, ligaments and muscles surrounding the joint are all richly innervated 
by nociceptors and proprioceptors. The presence of nociceptors and proprioceptors indicates 
that the SIJ assists in maintaining the upright posture of the body and assists in controlling 
balance with input from these sensory receptors (Calvillo et al., 2000; Ombregt, 2013).  
Figure 2-5: Illustration of the anterior ligaments of the Sacroiliac Joint (Moore et al., 
2014) 
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2.5.6 Primary muscle involvement 
There are no specific muscles designed to act on the SIJ that would result in active, 
physiological movements. Still, the SIJ is surrounded by some of the largest and most powerful 
muscles of the body, e.g. erector spinae, quadratus lumborum, iliopsoas, piriformis, gluteals 
and hamstrings. All of the mentioned muscles act directly on the hip or lumbar spine. 
Movements of the SIJ are indirectly executed by gravity and muscles acting on the trunk and 
lower limb. The small degree of movements in the SIJ is not produced by movement of the 
sacrum, but rather by movement of the ilium that are influenced by the muscles that act on the 
lumbar spine and lower limb (Ombregt, 2013). 
Figure 2-6: Neuroanatomy at the pelvic region (Mitchell, 2005) 
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2.6 External Factors Leading to Dysfunction 
The SIJ is responsible for the transfer of large loads and because this joint has relatively flat 
surfaces, it is vulnerable to shear forces. Therefore, the SIJ needs to be protected from these 
forces in a way that the joint is stabilized during load (Gibbons, 2017).  
Stabilization is achieved by an increase in compression across the joint. This compression 
mechanism is regulated by surrounding ligaments, fascia and musculature, when the joint is 
loaded. It is described as force closure. It is firstly accomplished by the tightening of the 
sacrotuberous, sacrospinous and interosseous ligaments during nutation. Secondly, it is 
assisted by the activation of core muscles closely related to the joint as well as those indirectly 
related to the joint. One muscle particularly plays a very significant role in stabilization. It is the 
gluteus maximus muscle that has fibres which merge and attach onto the sacrotuberous 
ligament and thoracolumbar fascia. It has been shown that weakness, or a possible misfiring 
sequence, of the gluteus maximus will predispose the SIJ to injury by decreasing the function 
of the posterior oblique myofascial sling (Gibbons, 2017).  
Force closure in other words is the accommodation of muscles and ligaments to the specific 
loading condition. The gluteus maximus is connected to the contralateral latissimus dorsi via 
the thoracolumbar fascia. This forms the know posterior oblique myofascial sling (Gibbons, 
2017).  
Weakness of the gluteus maximus muscles will cause an over-activation in the contralateral 
latissimus dorsi in order to compensate for the lack in support. During walking and running, the 
SIJ is placed under high loads and thus the joint needs to self-stabilize to reduce the effect of 
altered compensatory mechanisms. Research showed that sacral nutation is most stable, as 
the motion thereof creates tension in the joint as the major ligaments tightens. The joint tension 
increases the compressive forces across the SIJ, but with the increased sacral nutation directly 
affecting the lumbar curvature, it then leads to a domino effect of injuries (Gibbons, 2017).  
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During an investigating study of the impact of running on the SIJ, it was discovered by 
Magnetic Resonance Imaging (MRI) that there is formation of sacroiliitis in young athletes 
(Weber et al., 2018). The intention of this study was to record the frequency and distribution of 
low-grade bone marrow oedema at the SIJ, comparing recreational runners with elite ice 
hockey players. The results showed that 35% and 41% of individuals respectively met the 
Assessment of SpondyloArthritis international Society (ASAS) definition of active sacroiliitis. It 
is reported that the single most affected sacroiliac region is the posterior lower ilium and 
second most is the anterior sacrum (Weber et al., 2018).  
Lower back pain threatens work, domestic and recreational activities, in fact it limits the ability 
to perform in these categories. The rate of lower back pain incidence is higher in groups of 
workers who do more physical work. This includes farmers, nurses, heavy equipment 
operators and construction workers (WHO, 2018). 
Lower back pain can be associated with many ergonomic stressors at work, which include the 
wrong way of lifting and carrying of heavy loads, sudden forced movements, physical work that 
is taxing, frequent bending, twisting, and awkward postures (WHO, 2018).  
Analysis of lower back pain risk factors suggests that about 37% of cases is due to 
occupational factors. Across the globe, LBP cases varies comparatively little, from between 
12% and 38% for women and between 31% and 45% for men (WHO, 2018). 
2.7 Biomechanics of the Sacroiliac Joint 
The movements that take place at the SIJ can be explained as typical torsional movements. 
During rotation, forward torsion is caused in the joint opposite to the side of rotation and 
backward torsion is produced in the joint on the same side. As the individual bends forward, 
thus flexion, a bilateral backward torsion is caused opposite to the bilateral forward tension 
through extension. In addition, a measurable “spreading” of the posterior superior iliac spines 
occurs through the SIJs as the body changes from an erect to a prone position (Van Der Wurff, 
2006).  
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The primary function of the SIJ is to absorb shock between the upper body and the pelvis and 
legs. 
2.7.1 Nutation and counternutation 
Nutation is the term commonly used to refer to movement of the sacral promontory of the 
sacrum anteriorly and inferiorly while the coccyx moves posteriorly in relation the ilium (refer to 
figure 2.7). Counternutation refers to the opposite movement, in which the anterior tip of the 
sacral promontory moves posteriorly and superiorly while the coccyx moves anteriorly in 
relation to the ilium (refer to figure 2.8). The change in position of the sacrum during nutation 
and counternutation affects the diameter of the pelvic brim and pelvic outlet. During nutation, 
the anteroposterior diameter of the pelvic brim is reduced and the anteroposterior outlet is 
increased. During counternutation, the reverse situation occurs. The anteroposterior diameter 
of the pelvic brim is increased, and the diameter of the pelvic outlet is decreased (Van Der 
Wurff, 2006).  
Nutation of the sacrum increases the tension of the major ligaments of the SIJ. In normal 
subjects it occurs in load-bearing situations (sitting, standing, walking, etc). Counternutation 
slackens the tension of the major ligaments when the SIJ is minimally loaded (supine) (Van 
Der Wurff, 2006).  
Figure 2-7: Nutation (Sutherland, 2013) 
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2.8 Movement of the Innominate Bones 
The SIJ typically has little motion. Small movements at the joint help with shock absorption and 
forward/backward bending. The joint is reinforced by strong ligaments surrounding it, some of 
which extend across the joint in the back of the pelvis. This network of soft tissues provides 
support, limits movement at the joint, and assists with absorbing pressure. 
The active range of motion of the SIJ can vary between from 0 to 10°. In a research study 
performed by Sturesson et al., (1989), it was stated that the maximal movement of the SIJ was 
4° and the average movement was 2°. The SIJ allows motion that consists of 6° of freedom, of 
which is achieved by a coupled movement of rotation and translation. This coupled movement 
occurs mostly in the oblique sagittal plane, with the axis of rotation positioned posterior to the 
joint and the pivot around the iliac tubercle (Gatterman, 2004) (refer to figure 2.9).  
Figure 2-8: Counternutation (Sutherland, 2013) 
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2.9 Assessing Pelvic Motion 
Most commonly the asymmetry of the pelvis is assessed by means of a method most used, 
namely static palpation of the bony landmarks of the pelvis. Research concluded that this 
method of manual palpation of the bony landmarks of the pelvis is indeed valid and reliable 
(Kilby et al., 2012), although another research study contradicts it by questioning how reliable 
the manual palpation technique actually is (Herrington, 2011). It was suggested that perhaps 
the use of handheld callipers and inclinometers should be considered as an alternative method 
of assessing pelvic asymmetry. These tools can provide an objective measure of innominate 
asymmetry, eliminating the possibility of visual estimates and examiner bias (Herrington, 
2011). 
Anterior and posterior pelvic tilts are motions of the entire pelvic ring in the sagittal plane 
around a coronal axis. In the normally aligned pelvis, the anterosuperior iliac spines (ASISs) of 
the pelvis lie on a horizontal line with the posterior superior iliac spines and on a vertical line 
Figure 2-9: Movements around axes (Clavel, 2012) 
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with the pubic symphysis (O’Haire and Gibbons, 2000). The most common pelvic tilt is flexion 
malposition, that is a posterior tilt of the pelvis with a restriction in movement anteriorly 
(Holmgren and Waling, 2008). 
2.10 Pelvic Landmarks 
The second spinous tubercle, the remnant of the spinous process of S2, is located at the 
extreme of the convexity of the sacral kyphosis and is the most prominent spinous tubercle on 
the sacrum. It is also on the same horizontal plane as the posterior superior iliac spines 
(PSISs), which are palpable 3 to 4 cm lateral to the midline. The PSISs are often visible as a 
pair of dimples lateral to the midline (Moore et al., 2014; O’Haire and Gibbons, 2000). 
2.11 Joint Fixation 
As described by the WHO, a fixation is an immobile articulation or motion segment that affects 
the physiology of the related joint. Even if a joint is asymptomatic it may lead to altered 
biomechanics of the segment and other related segments (Vernon and Mrozek, 2005). A joint 
restriction is defined as a dysfunction, locking or blockage of a joint. 
2.12 Sacroiliac Joint Dysfunction 
Dysfunction refers to the loss of joint play movements in an articulation in the absence of 
disease. Thus, it describes the relationship of the articular surfaces in that it has become 
altered in such a way that normal movement without pain is not possible. Dysfunction can 
either be a partial lack of movement or be the total absence of movement.  
Sacroiliac joint dysfunction is characterized as restricted motion of the ilium on the sacrum. It 
describes that the positional relationship between the sacrum and ilium is altered. The joint 
dysfunction may be due to muscular imbalances, leg length inequality (LLI) or trauma. 
Sacroiliac joint dysfunction can manifest as LBP, SIJ pain or pelvic torsion (Bergmann and 
Peterson, 2011). 
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Sacroiliac joint pain and dysfunction are categorized as non-specific lower back pain. The 
dysfunction can only be diagnosed after physical examination. The examination involves 
observation of pelvic alignment, mobility tests and provocative manoeuvres that put stress on 
the SIJ in an attempt to reproduce the patient’s pain. A combination of abnormal pelvic 
rotation, poor joint locking and imbalances in the surrounding muscles and ligaments, result in 
the joint becoming either hypo- or hyper- mobile (Clavel, 2011). 
A hypermobile SIJ means that there is too much movement in the joint area. This can lead to a 
feeling of instability within the joint and also result in pain. When the SIJ moves too little, it 
means the joint is hypomobile or fixated in a position. By means of the decreased motion it 
leads to increased muscle tension, pain and also inhibits motility (Spine-Health, 2018). 
2.13 Assessment of Sacroiliac Joint Dysfunction 
2.13.1 History 
Taking a patient’s history is the most important aspect of chiropractic diagnosis, because it will 
give an immediate idea of what might be the cause of the individual’s pain and the diagnosis 
thereof (Dreyfuss et al., 1996; Gibbons, 2017). It is necessary for the doctor to ask the patient 
during a consultation exactly where the pain is, as the patient will be able point to the area of 
pain. Schamberger mentions that localized pain may arise from one or both SIJ’s. Those with 
one SIJ that is hypomobile may complain of pain in the other supposedly “normal” SIJ. This 
can be explained as increased stress on the “normal” joint and its capsule and ligaments as it 
tries to compensate for the lack of movement of the impaired SIJ (Schamberger, 2013). 
The referral presentation of SIJD can be pin-pointed to the buttock, inferior and lateral to the 
PSIS and to LBP. Specifically, in LBP it is pointed to the area inferior and medial to the PSIS 
(Gibbons, 2017).  
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2.13.2 Clinical examination 
It is recommended to perform all the provocative tests in order to make a more definitive 
diagnosis of SIJD. Compressive types of testing motion are more likely to determine pain from 
within a joint (Gibbons, 2017). To test the mechanical integrity of the SIJ, a series of 
provocative tests and motion palpation is performed to clinically examine the joint and the 
structures involved (Cusi, 2010).  
The following provocative tests have been proven most accurate in the assessment of SIJ pain 
(Cusi, 2010): 
▪ Patrick Fabere’s Test 
▪ Gaenslens 
▪ SIJ Compression Test 
▪ Gillet’s Test 
▪ Trendelenburg’s Test 
▪ Active Straight Leg Raise 
▪ Erichson’s Test 
▪ Sacroiliac Tenderness Test 
2.13.3 Motion palpation 
Dysfunction of the SIJ means that the joint is in a state of relative hypomobility. This limits the 
joint in its active range of motion, changing the relationship between the ilium and the sacrum 
(Van Der Wurff, 2006).  
Motion palpation tests that showed inter-examiner reliability (Golafshani and Kazemnejad, 
2009) are the following:  
▪ Standing Flexion Test 
▪ Sitting Flexion Test 
▪ Gillet’s Test 
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▪ Prone Knee Flexion Test 
▪ Prone Leg Length Evaluation 
2.13.4 Imaging 
Imaging techniques are only able to identify inflammatory conditions, degenerative changes, 
and fractures that can occur at the SIJ (Cusi, 2010). 
2.14 PALM PALpation Meter Validity and Reliability 
Leg length discrepancy (LLD) has been associated with a variety of musculoskeletal disorders. 
Therefore, the clinical measurement of LLD has become a routine and important part of the 
physical examination. The PALM is an instrument that was developed recently to indirectly 
measure LLD, but little is known about its measurement properties. 
There is a direct relationship between LLD and pelvic tilt, while some literature correlates LLD 
and pelvic tilt with lower back pain (Cooperstein and Lew, 2009). Functional leg length 
discrepancy develops in pelvic torsion when the right and/or left innominate bones are rotated 
about the x-axis in the horizontal plane (Cooperstein and Lew, 2009) (refer to figure 2.10).  
Figure 2-10: Pelvic Torsion of the Innominate Bones around the x-axis (Starkwood 
chiropractic, 2019) 
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The PALM PALpation Meter is a measurement device that is able to test for skeletal 
asymmetry. By palpating the landmarks of the innominate bones, in this study the ASIS and 
PSIS, the inclinometer provided objective data in degrees between these landmarks. By using 
a special slide rule calculator, the height discrepancy between two landmarks can be assessed 
(refer to figure 2.11).  
 
Figure 2-11: Palm PALpation Meter (ProHealth Care Products, 2019) 
2.15 Conclusion 
Due to limited research done on the duration of the innominate angle changes, no recent 
literature specific to the long term changes could be found and therefore some of the literature 
associated with such changes, used in this study is outdated.  
As discussed, SIJ dysfunction (caused by one of many possibilities) is the hypomobility of the 
SIJ or joint motion restriction which may over time cause lower back pain.  
According to the first study by Cibulka et al., (1988) on the changes in innominate angles, it 
was discovered that there is a bilateral improvement in innominate tilt after manipulation. 
Cibulka et al., also determined that SIJD can be identified in patients with lower back pain. 
Therefore, change in the innominate angles can be assumed from results of decreased pain 
and disability. Although the extent of change in angle would be unknown, the subjective 
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information would confirm that SIJD is addressed and that manipulation did affect the angle to 
restore normal motion. Further studies need to be done on the effect of manipulation on the 
innominate angles and its normalization to its original angle.  
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CHAPTER 3 : METHODOLOGY 
3.1 Study Design 
The design of the study was an explorative study that involved a single treatment of 
manipulation, as there is little research done on the length of time this change in innominate 
angle is maintained. Random sampling of convenience was used.  
3.2 Sample Selection and Size 
Fifty participants with asymptomatic sacroiliac dysfunction were selected. The participants 
were divided into two groups of twenty-five in which the one group only included female 
participants and the other group only males. This was to enable comparison between genders 
as pelvic anatomy differs between genders (Moore et al., 2014).  
3.3 Participant Recruitment 
Participants were recruited from the University of Johannesburg Campuses by means of 
distributing advertisements (Appendix A) and by word of mouth.  
3.4 Inclusion Criteria 
Male and female participants of any race, screened during history taking, physical examination 
and regional examination along with a SOAP note (Appendices B, C, D and E), were included 
if they: 
▪ Were aged 18-40 years (before the onset of age associated degenerative changes) 
(Suri et al., 2012). 
▪ Presented with non-specific lower back pain and/or SIJ pain. 
▪ Presented with SIJ hypomobility and dysfunction that were asymptomatic by means of 
performing motion palpation (Appendix F). 
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3.5 Exclusion Criteria 
Participants were excluded from this study if they exhibited any contra-indications to 
chiropractic manipulation (Appendix G) or if they: 
▪ Were pregnant or had recently given birth (because joint laxity increases during 
pregnancy) (Dehghan et al., 2014). 
▪ Had hip joint or spinal pathologies that are contra-indicated for spinal manipulation 
therapy. 
▪ Had undergone spinal fusion surgery of the lumbar spine or sacrum. 
▪ Had undergone hip replacement surgery. 
▪ Had been diagnosed with any sacroiliac pathology. 
3.6 Data Collection 
3.6.1 Consultation 
Participants were seen three times, which was twice on the first day (initial treatment and again 
after one hour) and once 48 hours after the first visit. At the first consultation the participants 
were required to read and sign the information form (Appendix H) and consent form (Appendix 
I). The procedure was explained to the participants by the researcher. The initial history taking, 
physical examination and regional examination were then followed. The dysfunctional SIJ was 
determined by motion palpation and measurements of the innominate angle of the bilateral 
SIJs were taken before and after manipulation of the restricted joint. All participants received 
only one treatment on the initial consultation with one reading before and one reading one hour 
after the treatment. A follow up consultation comprised of data collection only (Appendix J), 
which was 48 hours after the once-off treatment.  
The participants were asked to continue with regular day to day activity but to not do strenuous 
activity between visits. 
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3.6.2 Assessment pre-manipulation 
The Anterior Superior Iliac Spine (ASIS) and Posterior Superior Iliac Spine (PSIS) of the ilium 
was palpated bilaterally and marked with a non-permanent marker. The calliper arms of the 
PALM PALpation Meter were then placed on the homolateral ASIS and PSIS. The innominate 
angle of the left and right SIJs was measured in degrees. Both the left and right angles were 
measured and the objective data was recorded onto the data sheet (Appendix J).  
Both SIJs of each participant were motion palpated using Gillett’s Test, the standing flexion 
test, seated flexion test and leg length test to establish the side of dysfunction (Appendix F). 
Clinical examination of the SIJ can include provocative tests to determine whether the SIJ is 
the source of LBP (Appendix K).  
3.6.3 Manipulation 
According to the restriction found in the pre-assessment, one of the two side posture 
chiropractic manipulations were used:  
▪ Posterior Inferior Innominate:       Thigh Ilio Deltoid manipulation (Appendix L) 
▪ Anterior Superior Innominate:       Ischio Popliteal Deltoid manipulation (Appendix L) 
The manipulation was performed with the patient lying on their side with the side of restriction 
facing up. The researcher took contact on the restricted segment and manipulated the joint 
using a low amplitude, high velocity thrust.  
3.6.4 Re-assessment post-manipulation 
After the manipulation, the innominate angles were measured again using the PALM 
PALpation Meter. The same ASIS and PSIS landmarks marked in the pre-manipulation 
assessment were used again to ensure accuracy. Data was recorded on the data sheet 
(Appendix I).  
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3.7 Objective Data 
The objective data in this study were the measurements of the innominate angles using the 
PALM PALpation Meter before and after treatment, an hour after treatment and 48 hours after 
treatment. The PALM PALpation Meter is described as a valid and reliable tool used to 
measure the innominate angles (Herrington, 2011). 
3.8 Ethical Considerations 
Prior to starting with the study, I requested institutional consent from the Director of IPEM, Prof 
Fourie (Appendix M). Every individual that agreed to partake was asked to read the information 
form (Appendix H) and sign the consent form (Appendix I) related to this study. The information 
and consent form clearly indicated the names of the researcher, purpose of the study and 
benefits of taking part in the study, participant assessment and treatment procedure. Any risks, 
benefits and discomforts pertaining to the treatments involved were also explained and that the 
participant’s safety would be ensured (prevention of harm). These forms explained that the 
privacy of the participant would be maintained as only the researcher and supervisor would be 
in the room, and by means of anonymity as their information would be converted into data and 
therefore could not be traced back to the individual. The form also stated that standard 
doctor/patient confidentially would be adhered to during the entire time of compiling the 
research dissertation. The participants were informed that their participation is voluntary and 
that they may withdraw from the study at any stage. The information form explained that the 
participant may feel a slight discomfort and stiffness in the area of treatment after receiving 
chiropractic manipulation to which they could apply heat for 10 minutes to relieve the 
discomfort. Any further questions from the participants were answered by the researcher 
whose contact details were made available. The participants were asked to sign the consent 
form, signifying that they understand all that is required of them taking part in this study. All 
results were made available on request. 
With regards to this study, performing sacroiliac manipulations are not harmful. To ensure the 
patient’s safety, a full case history and physical examination were performed before any 
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manipulative treatments. Patients would have experienced slight discomfort and stiffness after 
being treated.  
The participant had the right to withdraw from the study at any point. The study’s Ethics 
number is: REC-241112-035 (Appendix N) and the dissertation was sent through Turnitin 
(Appendix O) for plagiarism check.  
3.9 Data Collection and Statistical Analysis 
As soon as the researcher gathered the data from all 50 participants on the data sheets, the 
information was sent to STATKON for statistical analysis.  
The analysis included descriptive statistics. Kolmogorov-Smirnov Test to check the normality of 
the variables. Intra-group Analysis: One-Way repeated measures ANOVA or Friedman Tests 
were performed to measure possible statistically significant changes over time depending on 
the outcome of the normality test. If statistically significant changes were noted, the Pair Wise 
comparison tests or Wilcoxon Signed Rank Tests were performed to check statistically 
significant changes between the initial treatment and 1 hour and initial treatment and 48 hours. 
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CHAPTER 4 : RESULTS 
4.1 Introduction 
The results that were obtained during the clinical trial of this study will be discussed in this 
chapter. The sample group consisted of 50 participants that were divided into two equal groups 
that is gender specific. All the participants involved in the study presented with SIJD. Both 
groups received a once off chiropractic treatment. The influence of the treatment protocol 
between the two groups was established by determining the degrees of statistical significance 
between pre-treatment and post-treatment objective measurements. The results of the two 
groups were compared.  
The data analysis included the following: 
▪ Demographic data analysis 
o Consisting of age and gender ratios 
▪ Objective measurements consisted of readings obtained using the PALM PALpation 
Meter.  
Three measurements were taken:  
▪ Pre-treatment innominate angles; restricted and non-restricted sides 
▪ 1 Hour post-treatment innominate angles; restricted and non-restricted sides 
▪ 48 Hours post-treatment innominate angles; restricted and non-restricted sides 
The side of the restriction was determined using Gillet’s test, Standing Flexion Test, Sitting 
Flexion Test and Prone Leg length inequality test. 
Table 4-1: Key for abbreviations used 
NRS Non- restricted side 
RS Restricted side 
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4.2 Statistical Analysis 
The statistical analysis was done with a 95% confidence level. The test for normality was done 
using the Shapiro-Wilk Tests (refer to Table 4.2).  
Table 4-2: Shapiro-Wilk test results 
Group Shapiro-Wilk 
p value 
Restricted side - Pre Females 0.12 
 Males 0.63 
Restricted side – 1 Hour Post Females 0.08 
 Males 0.68 
Restricted side – 48 Hours Post  Females 0.23 
 Males 0.78 
Non-restricted side - Pre Females 0.14 
 Males 0.78 
Non-restricted side – 1 Hour Post  Females 0.34 
 Males 0.85 
Non-restricted side – 48 Hours Post Females 0.59 
 Males 0.85 
 
The Shapiro-Wilk Test is normally the test used for studies with 2000 participants or less. 
Since this study only contained 50 participants, this test was used to establish normality of the 
data. From the p-values, demonstrated in Table 4.2, we can reject the alternative hypothesis 
(non-normality of data) and conclude that the data comes from a normal distribution.  
Within this study, the parametric analysis using the Friedman and Wilcoxon Signed Rank tests 
were used to compare the changes between the time intervals. P-values of equal and less 
than 0.05 are considered to be statistically significant.  
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4.3 Demographic Data Analysis 
The study consisted of 50 participants (N=50). Group 1 (female group) and group 2 (male 
group) each consisted of 25 participants (N=25). Below is a summarized table of the 
demographics of the females and males (Table 4.3). 
Table 4-3: Demographic data within a sample of 50 participants 
Data Total Sample Females Males 
N 50 25 25 
Mean age (years) 25.7 25.3 26.1 
Median age (years) 24 24 24 
Minimun age (years) 20 20 22 
Maximum age (years) 37 36 37 
Gender Distribution Female = 25 
Male = 25 
25 25 
 
4.3.1 Interpretation of demographic data 
As seen above in Table 4.3 the participants in the study were between 18 and 40 years of age 
with a total group mean age of 25.7 years. The female group had a mean age of 25.3 years, 
and the male group had a mean age of 26.1 years. The median age for the total study group 
was 24 years. The median age for females and males were noted as 24 years each. The total 
study group showed a maximum age of 37 years and a minimum age of 20 years. The 
maximum age of females was 36 years and males was 37 years. The minimum age for 
females was 20 years and males was 22 years.  
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4.4 Objective Data Analysis 
4.4.1 PALM PALpation Meter measurements of the innominate bones 
 
Figure 4-1: PALM PALPATION Meter readings comparing mean values in degrees 
Figure 4.1 illustrates a bar graph comparing the PALM PALpation Meter readings of both 
group’s measurements pre-, 1-hour post, and 48 hours post-treatment. The red bars represent 
the average readings for the female group and the purple bars represent the average readings 
for the male group.  
The x-axis shows the readings for the RS (restricted side) pre-, 1-hour and 48 hours post-
treatment and the NRS (non-restricted side) pre-, 1 hour and 48 hours post-treatment. The y-
axis shows the angle of the innominate bone in degrees.  
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4.4.2 Intragroup analysis 
Female group 
The bar graph (Figure 4.1) shows that the mean value for the female group on the RS pre-
treatment was 5.19°, 1 hour post-treatment was 2.91° and 48 hours post-treatment was 3.20°. 
There was a mean change of 2.28 on the RS between pre-treatment and 1 hour post-
treatment measurements. A mean change of 0.29° occurred between 1 hour post- and 48 
post-treatment. The NRS pre-treatment mean was 3.80°, 1 hour post-treatment was 3.19° and 
48 hours post-treatment was 3.30°. This showed a change of 0.61° between pre- and 1 hour 
post treatment and 0.11° change between 1 hour and 48 hours post-treatment. The angle of 
the innominate bone revealed a mean change of 43.93% between pre- and 1 hour post 
treatment readings on the RS. Between 1 hour and 48 hours post it showed a mean change of 
9.97% on the RS and 38.34% change between pre-treatment and 48 hours post-treatment. On 
the NRS between pre- and 1hour post treatment readings it showed a mean change of 
16.05%. Between 1 hour and 48 hours post treatment it showed a mean change of 3.45% and 
13.16% mean change between pre- and 48 hours post treatment. The change in the angle 
across all time periods was estimated statistically significant (p = 0.000). Thus, the changes 
between pre- and 1 hour post- treatment, 1 hour and 48 hours post-treatment, pre-treatment 
and 48 hours post-treatment. All the above-mentioned intragroup analysis can be seen 
tabulated below in Table 4.4. 
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Table 4-4: Intragroup analysis for p-value, pre-, 1 hour post-, 48 hours post-treatment 
means, mean difference and percentage change for the Female group 
Females RS Change NRS Change 
Pre-treatment mean 5.19 3.80 
1 Hour post-treatment 
mean 
2.91 3.19 
p-Value 0.000 0.000 
Mean difference 2.28 0.61 
Percentage change 43.93 16.05 
48 Hours post-treatment 
mean 
3.20 3.30 
p-Value 0.000 0.000 
Mean difference 0.29 0.11 
Percentage change 9.97 3.45 
Mean difference between 
pre- and 48 hours post 
treatment  
1.99 0.50 
p-Value 0.000 0.000 
Percentage change 38.34 13.16 
 
Male group  
The bar graph (Figure 4.1) shows that the mean value for the male group on the RS pre-
treatment was 4.83°, 1 hour post-treatment was 2.64° and 48 hours post-treatment was 2.89°. 
There was a mean change of 2.19° on the RS between pre-treatment and 1 hour post-
treatment measurements. A mean change of 0.25° occurred between 1 hour post- and 48 
post-treatment. The NRS pre-treatment mean was 3.49°, 1 hour post-treatment was 2.82° and 
48 hours post-treatment was 2.92°. This showed a change of 0.67° between pre- and 1 hour 
post treatment and 0.10° change between 1 hour and 48 hours post-treatment. The angle of 
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the innominate bone revealed a mean change of 45.34% between pre- and 1 hour post 
treatment readings on the RS. Between 1 hour and 48 hours post it showed a mean change of 
9.47% on the RS and 38.34% change between pre-treatment and 48 hours post-treatment. On 
the NRS between pre- and 1hour post treatment readings it showed a mean change of 
19.20%. Between 1 hour and 48 hours post treatment it showed a mean change of 3.55% and 
16.33% mean change between pre- and 48 hours post treatment. The change in the angle 
across all time periods was estimated statistically significant (p = 0.000). Thus, the changes 
between pre- and 1 hour post- treatment, 1 hour and 48 hours post-treatment, pre-treatment 
and 48 hours post-treatment. All the above-mentioned intragroup analysis can be seen 
tabulated below in Table 4.5. 
Table 4-5: Intragroup analysis for p-value, pre-, 1 hour post-, 48 hours post-treatment 
means, mean difference and percentage change for the Male group 
Males RS Change NRS Change 
Pre-treatment mean 4.83 3.49 
1 Hour post-treatment mean 2.64 2.82 
p-Value 0.000 0.000 
Mean difference 2.19 0.67 
Percentage change 45.34 19.20 
48 Hours post-treatment 
mean 
2.89 2.92 
p-Value 0.000 0.000 
Mean difference 0.25 0.10 
Percentage change 9.47 3.55 
Mean difference between 
pre- and 48 hours post 
treatment  
1.99 0.57 
p-Value 0.000 0.000 
Percentage change 38.34 16.33 
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4.4.3 Intergroup analysis 
The non-parametric Mann-Whitney U Test was used to compare the sampled data from the 
Female and the Male groups. The test revealed no statistically significant difference between 
females and males with the following p-values of NRS Pre (p = 0.190), NRS 1Hour (p= 0.088), 
NRS 48Hours (p= 0.064), RS Pre (p= 0.135), RS 1Hour (p= 0.290), RS 48Hours (p= 0.252). 
The difference in mean change between the females and males provides no statistical 
difference.  
4.4.4 Data interpretation 
 
Figure 4-2: Mean value changes of angles of the innominate bones measured in degrees 
The bar graph (Figure 4.2) shows that the mean change for the female group on the RS in first 
time interval was 2.28° and in the second interval 0.29°. The mean on the NRS in the first 
interval was 0.61° and 0.11° in the second interval. For the male group the mean change in 
angle on the RS was 2.19° for the first interval and 0.25° for the second. On the NRS the 
mean angle was 0.67° for the first interval and 0.10° for the second interval. The overall mean 
change between the first measurement and the last measurement was 1.99° for both females 
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and males on the RS side. On the NRS side the change from the first to the last measurement 
was 0.50° for females and 0.57° for males.  
Figure 4.2 illustrates a bar graph comparing the mean change in the angles of the innominate 
bones between the two groups. The red bars represent the mean changes for females and the 
purple bars represent the mean changes for males. The x-axis shows the mean angles for the 
RS and NRS across the different intervals; and the y-axis shows the mean change of angle of 
the innominate bone in degrees.  
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CHAPTER 5 : DISCUSSION 
5.1 Introduction 
The primary aim of this study was to ascertain the duration that chiropractic manipulative 
therapy changes the innominate angle beyond the immediate effects of the SIJ manipulation. 
The results of the study will be discussed in this chapter with reference to the aims in Chapter 
1, and theories to explain the possible outcomes will also be included in this discussion 
chapter.  
The statistical analysis in Chapter 4 was aimed at measuring the changes that occurred across 
the three time intervals. The statistical analysis was performed by Mr. Anesu Kuhudzai, a 
statistician at the University of Johannesburg, who is assigned to me. Mr Kuhudzai effectively 
ran the data through statistical programs in order to analyse the results. By means of using the 
results shown in Chapter 4, the objective of this chapter was to examine and discuss possible 
explanations for the results.  
The study aimed to answer the following questions: 
→ Does a chiropractic manipulation have a long-term effect in addition to the immediate 
effect? 
→ To what degree do the angle changes take place over time? 
5.2 Demographic Data Analysis 
The participants were divided into two groups: females and males. Each group consisted of 25 
participants. The maximum age in the female group was 36 years and 37 years in the male 
group. The minimum age in the female group was 20 years and 22 years in the male group 
(Table 4.3). The comparison of age between the two groups based on gender, showed no 
statistical difference with p= 0.063 indicating no statistical significance.  
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Age determines the movement allowed at the SIJ as well as the degenerative condition of the 
joint surface (Gatterman, 2004). Advanced age is accompanied by change in the articular 
surface that leads to degeneration within the joint. A dysfunctional joint as a result of 
degeneration can lead to pain, abnormal biomechanics and muscular imbalances (Calvillo et 
al., 2000). 
5.3 Analysis of the Objective Data 
5.3.1 Statistical and clinical results of the PALM PALpation Meter readings 
Apart from the immediate effect the chiropractic manipulation had on the SIJ in previous 
research, the effect of chiropractic manipulative therapy can be measured up to 48 hours after 
treatment. Based on the evidence of the measurement values gathered at the time intervals 
after the manipulation, a statistical significance (p= 0.000) was found in the change of the 
innominate angle 1 hour and 48 hours after treatment in both females and males. Thus, we 
can conclude that chiropractic manipulation does result in a long-term change in the 
innominate angles.  
Based on the mean values gathered, both females and males showed a statistically significant 
difference in the innominate angle 1 Hour and 48 Hours after treatment.  
5.3.1.1 Intragroup analysis 
Females 
By means of the Friedman test, the results showed that there was a statistically significant 
difference between all measurements from the 1st to 3rd visits. In order to determine which time 
interval was statistically significant, the Friedman test was followed by the Wilcoxon test, which 
included the Post hoc test. The Wilcoxon test compares the three, time intervals and because 
of the three comparisons, a new p-value was determined, called the Bonferroni adjusted alpha 
value. The standard p-value (0.05) was divided into three and was calculated to a new p-value 
of 0.0167. Every interval was found to be statistically significant. The first measurement is 
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regarded as the baseline measurement. The first interval is the change between the first 
measurements before manipulation and the second measurements an hour after manipulation. 
The second interval is the change between the second measurements an hour after 
manipulation and the third measurements 48 hours after manipulation. The third interval is the 
change between the first measurements before manipulation and the third measurements 48 
hours after manipulation. Thus, the intervals had the following p-values: interval 1 p=0.000, 
interval 2 p=0.000, interval 3 p=0.000. Interval 1 showed a mean change of 43.93% on the RS 
and 16.06% on the NRS. Interval 2 showed a mean change of 9.97% on the RS and 3.45% on 
the NRS. Interval 3 showed a mean change of 38.34% on the RS and 13.16% on the NRS.  
Males 
By means of the Friedman test, the results showed that there was a statistically significant 
difference between all measurements from the 1st to 3rd visits. In order to determine which time 
interval was statistically significant, the Friedman test was followed by the Wilcoxon test, which 
included the Post hoc test. The Wilcoxon test compares the three, time intervals and because 
of the three comparisons, a new p-value was determined, called the Bonferroni adjusted alpha 
value. Where the standard p-value (0.05) was divided into three and was calculated to a new 
p-value of 0.0167. Every interval was found to be statistically significant. The first 
measurement is regarded as the baseline measurement. The first interval is the change 
between the first measurements before manipulation and the second measurements an hour 
after manipulation. The second interval is the change between the second measurements an 
hour after manipulation and the third measurements 48 hours after manipulation. The third 
interval is the change between the first measurements before manipulation and the third 
measurements 48 hours after manipulation. Thus, the intervals had the following p-values: 
interval 1 p=0.000, interval 2 p=0.000, interval 3 p=0.000. Interval 1 showed a mean change of 
45.34% on the RS and 19.20% on the NRS. Interval 2 showed a mean change of 9.47% on 
the RS and 3.55% on the NRS. Interval 3 showed a mean change of 38.34% on the RS and 
16.33% on the NRS.  
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5.3.1.2 Intergroup analysis 
Intergroup analysis was done using the non-parametric Mann-Whitney U Test. This test was 
used to check if there is any statistical significance between the female and male groups, 
comparing the outcomes of the two groups. The test revealed no statistical significance 
between females and males (p = 0.063). 
5.3.2 Summary of objective data 
This study showed a statistically significant change in the angle of the innominate bones of 
participants in both groups 1 Hour and 48 Hours after treatment. The change in the angle of 
the innominate bones may be as a result of the specific sacroiliac chiropractic manipulation 
performed directly to the dysfunctional SIJ.  
The data shows that a specific chiropractic manipulation, directed at the dysfunctional SIJ (the 
restricted joint only), has a measurable effect on the angles of both innominate bones. There is 
a significant change in the angle of both innominate bones: on the RS joint and on the NRS 
joint. However, when comparing the RS innominate to the NRS innominate it becomes clear 
that the NRS is less significant in its change in angle. This result can be explained by taking 
the structure of the pelvic girdle into consideration as discussed earlier in Chapter 2.  
The pelvic girdle is described as a three-joint complex. The two innominate bones are 
interlinked to the sacrum via the two SIJs, with the pubic symphysis forming the third joint in 
the complex. When a force is applied to one joint i.e. the dysfunctional joint, there will be an 
automatic reactive response in the two remaining joints (Kapandji, 2008). This explains the 
measurable change in the non-restricted joint.  
When considering the objective of this study and what the study results revealed it is important 
to understand how chiropractic in essence can affect the angle of the innominate bone and 
surrounding neurological structures at the SIJ.  
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Sacroiliac dysfunction i.e. restricted SIJ motion is identified by means of motion palpation and 
joint play through palpating the SIJ as the participant is both seated and standing. Palpation 
will give the researcher/practitioner an idea of the type of fixation located within the joint. The 
SIJs may be fixated in either extension or flexion. The objective of the manipulation is to 
restore normal functioning of the joint. After the joint is assessed and the type of fixation 
determined, can the joint be treated with a chiropractic manipulation using any of the common 
techniques (Gatterman, 2005). During this study only the Thigh-Ilio-Deltoid manipulation was 
performed.  
The SIJ is a diarthrodial joint that exhibits little movement and is mainly involved in weight 
bearing. However, it is of utmost importance that the joint function is maintained and that it 
moves normally no matter how small the joint’s range of motion might be. The joint can be 
exposed to reversible fixations within the limited range of motion. These fixations are 
frequently at the extreme ends of the range of motion (Gatterman, 2005). 
One of the defining features of the Diversified Techniques is the ability to localize manipulation 
via the use of pre-manipulation joint tension. The force that is applied during manipulation is 
localized to the specific joint and results in a change of mobility at that joint.  
Movement of the SIJ is primarily in the sagittal plane along the angle of the joint surfaces. In 
treating SIJD, contact is made on either the ilium or the sacrum. The manipulation may be 
applied in a variety of patient positions and may incorporate methods that establish contact on 
both sides of the articular surfaces (Byfield, 2012). 
In a study by Byfield (2012), it was reported that the force of manipulation equates to in the 
range of 200-550N. Strength and speed is required to enable the practitioner to perform the 
manipulation and to meet such required forces (Bergmann and Peterson, 2011). 
One of the most common causes of SIJD is the development of asymmetrical tension across 
this region. The force applied to the innominate bones does not reach the joint surface directly 
but is distributed to the surrounding soft tissues. Because of the close proximity and the 
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involvement of surrounding structures at the SIJ, it is difficult to perform a sacroiliac 
manipulation on only the SIJ without influencing the lumbosacral articulations (Bergmann and 
Peterson, 2011). 
The neuro-biomechanical model of the SIJs and the surrounding structures takes into 
consideration that the stabilizing soft tissue structures not only mechanically affects the joint 
itself but also influence the biomechanical movement and kinematic chain of which the joint is 
part (Esposito and Philipson, 2005). 
The manipulation forms gaps in the sacroiliac joint, which leads to neurophysiologic effects: 
gapping stimulates mechanoreceptors in the joint capsule and in the muscles surrounding the 
joint. Afferents to the spinal cord and higher centres of the brain decrease pain (if present) and 
have an impact on somatic and visceral efferent fibres, refining their functioning (Cramer et al., 
2011). Stretching of the capsule results in a reflexogenic effect that stimulates muscle 
relaxation by means of inhibiting alpha motor neuron activation (Potter et al., 2005).  
The cavitation phenomenon that is present during the manipulation increases the joint’s range 
of motion (Cramer et al., 2011). However, this effect is mainly a contributor to the change in 
angle of the innominate, and not the only source of increased motion.  
The effect of chiropractic manipulation specific to the SIJ can be measured by the change in 
angle of the innominate bones. By stating the physiological effects of chiropractic manipulation 
on soft tissue, mechanical and neurological, manipulation does result in a change within and 
around the joint (Gatterman, 2005): 
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i) Soft tissue 
During manipulation, the surrounding soft tissue structures are stretched. As a result of the 
peri-articular muscles being stretched, it causes a spindle reflex which decreases muscle 
hypertonicity (Evans, 2002). The resultant relaxation of intrafusal and extrafusal fibres within 
the surrounding musculature, due to an inhibitory influence, results in and/or contributes to the 
change in angle (Korr, 1975).  
ii) Mechanical  
This includes (Evans, 2002; Gatterman, 2005): 
▪ Improved biomechanical motion thereby increased joint ROM 
▪ Change in spinal curvature dynamics 
▪ Breaking intra-articular adhesions 
iii) Neurological  
Every synovial joint in the body is embedded with four types of nerve receptor endings 
(Gatterman, 2005):  
▪ Types l, ll and lll are corpuscular mechanoreceptors that detect acceleration, 
deceleration, static position, direction of movement as well as over-displacement of the 
joint.  
▪ Type lV receptors have a network of free nerve endings that detect nociceptive stimuli. 
Under normal conditions these receptors are inactive.  
5.4 Conclusion 
Sacroiliac joint dysfunction is characterized as restricted motion of the ilium on the sacrum. 
The innominate angles are influenced when pelvic torsion is created because of the SIJD 
(Gibbons, 2017). This restricted motion results in asymmetry within the pelvic structures and is 
believed to lead to a cascade of postural compensations, predisposing the individual to 
numerous neuro-musculoskeletal dysfunctions (Juhl et al., 2004).  
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Chiropractic manipulation specific to the SIJ, is able to restore the biomechanical integrity of 
the restricted joint (Cooperstein, 2010). It is therefore the goal to correctly identify the 
dysfunction and utilize the best methods of manipulation to gain the best outcome. By 
understanding how the manipulation works from a biomechanical aspect and the specific 
contact with its line of drive, will explain the results of this current study described as explained 
below.  
The results of this study showed the impact that chiropractic manipulation has on the angle of 
the innominate bones. There was a significant change in these angles over a period of 48 
hours. The results showed that the manipulation not only affected the restricted side but also 
the non-restricted side, however, as to be expected, the restricted side was changed to a 
greater degree.  
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CHAPTER 6 : CONCLUSION AND RECOMMENDATIONS 
6.1 Conclusion 
The aim of the study was to ascertain the duration of chiropractic manipulative therapy in 
changing the innominate angles beyond the immediate effects of the SIJ manipulation. The 
primary objective was to determine whether a SIJ manipulation have long-term effects on the 
innominate angles.  
The objective data that was collected and analysed revealed that there was a statistically 
significant change in the innominate angles in all the intervals in both females and males. As 
conclusion: chiropractic manipulation restores motion to a restricted joint and the manipulation 
effects are changes in the innominate angles over a 48 hour period. 
The study showed that the innominate angles of both the restricted and the non-restricted 
sides were affected as a result of the chiropractic manipulation. It is important to remember 
that the pelvic structures are interlinked in a closed chain, thus any force exerted will not only 
affect one structure, but also other structures such as the opposite SIJ, pubic symphysis and 
lumbosacral joint. 
The changes in angle of both the restricted and the non-restricted sides were indeed found to 
be statistically significant. The data analysed on the RS showed a greater change in angle with 
a mean change of 1.99° in both females and males, compared to the NRS change of only 0.5° 
in females and 0.57° in males, over a 48 hour period. The effect of the chiropractic 
manipulation is thus positive in the sense that the angle is changed in such a way that the 
pelvic tilt is normalised to close to the normal anatomical alignment.  
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6.2 Recommendations 
These study results aid in recommending that chiropractic SIJ manipulation can be used to 
further improve the outcome of the chiropractic effects since the duration of the treatment has 
a lasting effect. However, a future study can improve on the current study as follows:  
6.2.1 Sample size 
A larger sample size will increase the validity of the study since more will improve the statistical 
analysis.  
6.2.2 Follow-up consultations 
This study can be done over longer periods of time to establish the time it takes for the SIJ to 
revert to a dysfunctional state.  
6.2.3 Considering external factors influencing the dysfunction 
It is important to note that SIJD does not occur in isolation. Muscle imbalances needs to be 
taken into consideration, as well as other postural abnormalities.  
6.2.4 Effects on lower back 
The study can be extended by determining how manipulation of the SIJ affects the range of 
motion, the bone angle and lower back pain. 
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APPENDIX A: ADVERTISEMENT 
CHIROPRACTIC RESEARCH 
Please take part in a chiropractic research study that will measure 
the long-term effect of chiropractic manipulation on the lower 
back. 
 
If you meet the requirements please contact Nelitha Mienie on 0798859626 
Treatment is conducted in the University of Johannesburg clinic, Sherwell 
road, Doornfontein 
Between 18-40 Injury free
Willing to take part 
in a research study
To qualify for this study, you must be: 
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APPENDIX D: REGIONAL EXAMINATION 
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APPENDIX E: SOAP NOTE 
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APPENDIX F: MOTION PALPATION 
1 Standing Flexion Test 
Procedure:  
▪ Patient stands with feet shoulder width apart with the back to the examiner. 
▪ Examiner places palmer surface of the thumbs on the PSIS’s bilaterally.  
▪ Examiner must squat so that their eyes are at the same level of the patient’s PSIS.  
▪ Patient is asked to bent forward slowly, rolling down their spine form the neck to the 
lumbar spine to touch their toes.  
▪ Examiner feels how PSIS move in relation to each other and watches for thumb 
movements.  
Interpretation: 
▪ The test is negative if there is symmetrical movement of the PSIS’s. 
▪ A positive finding is when one PSIS moves more cephalad of vertical when compared 
to the other. The side that has increased movement is deemed the side of dysfunction.  
▪ Increased PSIS movement indicates SIJD.  
 
2 Sitting Flexion Test 
Procedure:  
▪ To be done after the Standing Flexion Test. 
▪ Patient is seated on the plinth facing away from the examiner. 
▪ Examiner places palmer surfaces of the thumbs on the PSIS’s bilaterally.  
▪ Examiner must squat so that their eyes are at the same level of the patient’s PSIS.  
▪ Patient is asked to bent forward slowly, rolling down their spine form the neck to the 
lumbar spine to touch their toes.  
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▪ Examiner feels how PSIS move in relation to each other and watches for thumb 
movements.  
Interpretation: 
▪ This test is to differentiate sacral dysfunction versus iliac dysfunction. 
▪ If the PSIS move symmetrically, the dysfunction lies in the sacrum.  
▪ If one PSIS moves more vertical, the dysfunction lies with the ilium. The PSIS that has 
increased movement is deemed to be on the side of the dysfunctional SIJ. 
(Magee, 2008) 
3 Gillet’s Test 
Procedure:  
▪ Patient stands with their arms against the wall. 
▪ Examiner palpates the right PSIS and S2 tubercle. 
▪ Patient is instructed to flex right (homolateral) leg to 90°. 
▪ Examiner observes and palpates motion of the PSIS relative to S2. 
▪ Examiner then instructs the patient to flex the left (contralateral) leg to 90° whilst still 
palpating the right PSIS and S2 tubercle.  
▪ Examiner observes and palpates motion of the PSIS relative to S2. 
▪ Repeat on the other side.  
Normal: 
▪ During the first part of the test when the homolateral leg is raised, the PSIS should 
approximate to the S2 tubercle.  
▪ During the second part of the test when the contralateral leg is raised, S2 tubercle 
should move away from the PSIS. 
4 Prone Knee Flexion Test 
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Procedure:  
▪ Patient is prone on the plinth. 
▪ Examiner flexes the knees bilaterally in an attempt to touch the patient’s buttock with 
their heels.  
Interpretation: 
▪ Local pain around the knee indicates knee pathology. 
▪ Local pain around the SIJ’s indicates SIJD. 
▪ Radiating pain down the anterior leg indicates femoral nerve pathology. 
5 Prone Leg Length Evaluation 
Procedure: 
▪ Patient is prone on the plinth with their feet off the edges of the plinth. 
▪ Examiner observes apparent leg length. 
▪ Examiner then grasps the patient’s feet around the heel and applies an inferior to 
superior force, forcing the feet into a position of dorsiflexion. 
▪ The examiner the flexes the knees bilaterally to 90° to compare heel and malleoli 
height. 
Interpretation: 
▪ If one leg appears shorter, it may be indicative of a SIJD on the side of the shortened 
leg. 
(Vizniak, 2012) 
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APPENDIX G: CONTRA-INDICATIONS TO CHIROPRACTIC MANIPULATION 
(GATTERMAN, 2004) 
1. Vascular complications 
Vertebral artery syndrome 
Aneurysms 
5. Arthritis 
Ankylosing spondylitis 
Rheumatoid arthritis 
Psoriatic arthritis 
Osteoarthritis 
2. Tumors 
Primary to the bone 
Secondary (Metastasized to the bone) 
6. Psychological considerations  
Malingering 
Hysteria 
Hypochondriasis 
Pain intolerance 
3. Bone infection 
Tuberculosis of the spine 
Osteomyelitis of the spine 
7. Neurological complications 
Sacral nerve root involvement from medial or 
massive disc protrusion 
Disc lesions (advanced neurological deficits) 
Space occupying lesions 
4. Traumatic injuries 
Fractures 
8. Metabolic disorders 
Clotting disorders 
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Joint instability 
Severe sprains or strains 
Unstable spondylolysthesis 
Osteopeania (osteoporosis, osteomalacia) 
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APPENDIX H: INFORMATION FORM 
DEPARTMENT OF CHIROPRACTIC 
THE LONG-TERM EFFECT OF CHIROPRACTIC SACROILIAC JOINT MANIPULATION ON 
THE INNOMINATE ANGLE 
RESEARCH STUDY INFORMATION FORM 
Date:   
Good Day 
My name is Nelitha Mienie. I WOULD LIKE TO INVITE YOU TO PARTICIPATE in a research 
study on the long term effect of chiropractic sacroiliac joint manipulation on the angle hip 
arches. 
Before you decide on whether to participate, I would like to explain to you why the research is 
being done and what it will involve for you. I will go through the information letter with you and 
answer any questions you have. This should take about 10 to 20 minutes. The study is part of 
a research project being completed as a requirement for a Masters Degree in Chiropractic 
through the University of Johannesburg. 
 
  
Participant signature:  _________________ 
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THE PURPOSE OF THIS STUDY is to determine the sustained effect of chiropractic treatment 
on the sacroiliac joint. 
Below, I have compiled a set of questions and answers that I believe will assist you in 
understanding the relevant details of participation in this research study. Please read through 
these. If you have any further questions, I will be happy to answer them for you. 
DO I HAVE TO TAKE PART? No, you don’t have to. It is up to you to decide to participate in 
the study. I will describe the study and go through this information sheet. If you agree to take 
part, I will then ask you to sign a consent form.  
WHAT EXACTLY WILL I BE EXPECTED TO DO IF I AGREE TO PARTICIPATE? By signing 
the consent form, you agree on spinal manipulative therapy. You will then undergo a detailed 
assessment that includes: a case history, physical examination, regional examination. You will 
receive a chiropractic manipulation to the joint at the back of the pelvis (sacroiliac joint). The 
sacroiliac joint that will be manipulated will be determined by the side that moves less 
(hypomobile.) You will be asked to come back 1 hour after the treatment for measurements. 
And again within 2 days for a follow up measurement. You will be asked to not participate in 
any strenuous activities during this time. This includes gym, running, lifting heavy objects and 
any sporting activity.  
WHAT WILL HAPPEN IF I WANT TO WITHDRAW FROM THE STUDY? If you decide to 
participate, you are free to withdraw your consent at any time without giving a reason and 
without any consequences. If you wish to withdraw your consent, you should inform me as 
soon as possible. 
IF I CHOOSE TO PARTICIPATE, WILL THERE BE ANY EXPENSES FOR ME, OR 
PAYMENT DUE TO ME: You will not be paid to participate in this study and you will not bear 
any expenses. 
 Participant signature: _________________ 
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RISKS INVOLVED IN PARTICIPATION: Spinal manipulations are a standard procedure that is 
performed as part of a routine chiropractic treatment and may present a slight risk of 
discomfort. It is possible that you may experience some stiffness after treatment.  
BENEFITS INVOLVED IN PARTICIPATION: The spinal manipulation to the side of the pelvic 
joint that moves less will help increase joint movement on that affected side and thus may 
improve lower back pain.  
WILL MY PARTICIPATION IN THIS STUDY BE KEPT CONFIDENTIAL? Yes. Names on the 
data sheet will be removed once analysis starts. All data and back-ups thereof will be kept in 
password protected folders and/or locked away as applicable. Only I or my research supervisor 
will be authorised to use and/or disclose your anonymised information in connection with this 
research study. 
WHAT WILL HAPPEN TO THE RESULTS OF THE RESEARCH STUDY? The results will be 
written into a research report that will be assessed. In some cases, results may also be 
published in a scientific journal. In either case, you will not be identifiable in any documents, 
reports or publications. You will be given access to the study results if you would like to see 
them, by contacting me.  
WHO IS ORGANISING AND FUNDING THE STUDY? The study is being organized by me, 
under the guidance of my research supervisor at the Department of Chiropractic in the 
University of Johannesburg. This study is paid for by a supervisor -linked bursary. 
WHO HAS REVIEWED AND APPROVED THIS STUDY? Before this study was allowed to 
start, it was reviewed in order to protect your interests. This review was done first by the 
Department of Chiropractic, and then secondly by the Faculty of Health Sciences Research 
Ethics Committee at the University of Johannesburg. In both cases, the study was approved. 
 
  
Participant signature: _________________ 
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WHAT IF THERE IS A PROBLEM? If you have any concerns or complaints about this 
research study, its procedures or risks and benefits, you should ask me. You should contact 
me at any time if you feel you have any concerns about being a part of this study. My contact 
details are:  
Nelitha Mienie 
0798859626 
nelithamienie7@gmail.com 
You may also contact my research supervisor: 
Dr. Malany Moodly 
mmoodley@uj.ac.za  
If you feel that any questions or complaints regarding your participation in this study have not 
been dealt with adequately, you may contact the Chairperson of the Faculty of Health 
Sciences Research Ethics Committee at the University of Johannesburg: 
Prof. Christopher Stein 
Tel: 011 559-6564 
Email: cstein@uj.ac.za  
FURTHER INFORMATION AND CONTACT DETAILS: Should you wish to have more specific 
information about this research project information, have any questions, concerns or 
complaints about this research study, its procedures, risks and benefits, you should 
communicate with me using any of the contact details given above. 
Researcher: Nelitha Mienie 
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APPENDIX I: CONSENT FORM 
DEPARTMENT OF CHIROPRACTIC 
RESEARCH CONSENT FORM 
THE LONG-TERM EFFECT OF CHIROPRACTIC SACROILIAC JOINT MANIPULATION ON 
THE INNOMINATE ANGLE 
Please initial each box below: 
 I confirm that I have read and understand the information letter dated 
____________________________ for the above study. I have had the opportunity to consider 
the information, ask questions and have had these answered satisfactorily. 
 I understand that my participation is voluntary and that I am free to withdraw from 
this study at any time without giving any reason and without any consequences to me. 
      I agree to take part in the above study. 
 ____________________  ___________________   ____________________  
Name of Participant  Signature of Participant  Date 
 ____________________  ___________________   ____________________  
Name of Researcher  Signature of Researcher  Date 
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APPENDIX J: DATA SHEET 
DEPARTMENT OF CHIROPRACTIC 
FACULTY OF HEALTH SCIENCES 
DATA SHEET DATE: 
LUMBAR SPINE AND PELVIC REGIONAL EXAMINATION 
Participant: _____________________________ File No.: ____________________________ 
Student:  _______________________________ Signature: ___________________________ 
Clinician: _______________________________ Signature: ___________________________ 
 Left Ilium Right Ilium 
Pre-Adjustment 
Measurements 
  
Fixation 
 Anterior Superior Ilium 
 Posterior Inferior Ilium 
 Anterior Superior Ilium 
 Posterior Inferior Ilium 
Adjustment 
 Thigh Ilio Deltoid 
 Ischio Popliteal Deltoid 
 Thigh Ilio Deltoid 
 Ischio Popliteal Deltoid 
1 Hour Post Adjustment 
Measurements 
  
48 Hours Post Adjustment 
Measurements 
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APPENDIX K: CLINICAL EXAMINATION 
1 Patrick Fabere’s Test 
Procedure: 
▪ Patient supine on the plinth 
▪ Examiner instructs the patient to cross one leg into a figure 4 position, with their ankle 
placed above the contralateral knee. The homolateral leg is fixed to 90°, abducted and 
externally rotated.  
▪ The examiner stabilizes the contralateral ASIS and applies gentle pressure over the 
flexed knee.  
▪ Repeat on the other side.  
Normal: 
▪ No pain or tenderness is experienced. 
▪ A small amount of addition external rotation is produced. 
Interpretation: 
▪ Pain or an inability to increase external rotation for the hip is indicative of a hip joint 
pathology, severe arthritis of the SIJ or hip joint, fractures, tight adductor muscles, 
sprain on sacroiliac ligaments or SIJD.  
 
2 Gaenslens Test 
Procedure:  
▪ Patient supine on the plinth.  
▪ Examiner flexes the knee and thigh of the affected side towards the patient’s 
abdomen.  
▪ Then the examiner slowly hyperextends the contralateral leg. 
91 
 
▪ The examiner observes the patient for sign of discomfort or pain.  
▪ Repeat on the other side.  
 
Interpretation:  
▪ Sacroiliac pain is indicative of SIJD or instability. 
▪ Anterior thigh pain indicates ligamentous sprain.  
▪ Elevation of the extended thigh may be caused by contracture of the iliopsoas muscle.  
▪ No indication of pain indicates that pathology is related to the lumbar spine and not the 
SIJ.  
3 SIJ Compression Test 
Procedure: 
▪ Patient is side lying on the plinth. 
▪ Examiner places both hands over the superior ilium and applies downward pressure.  
Interpretation: 
▪ Increase in pain indicates a SIJ strain/sprain, fracture of SIJD.  
▪ A decrease in pain indicates SIJ instability.  
4 Gillet’s Test 
Procedure:  
▪ Patient stands with their arms against the wall. 
▪ Examiner palpates the right PSIS and S tubercle.  
▪ Patient is instructed to flex right (homolateral) leg to 90° 
▪ Examiner observe and palpates motion of the PSIS relative to S 
▪ Examiner then instructs the patient to flex to the left (contralateral) leg to 90° whilst still 
palpating the right PSIS and S tubercle.  
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▪ Examiner observes and palpates motion of the PSIS relative to S 
▪ Repeat on the other side.  
Normal: 
▪ During the first part of the test when the homolateral leg is raised, the PSIS should 
approximate to the S tubercle.  
▪ During the second part of the when the contralateral leg is raised, the S2 tubercle 
should move away from the PSIS.  
Interpretation:  
▪ Pain may indicate a sprain of the SIJ or pubic symphysis.  
▪ Pain may indicate fracture pf the pelvis or sacrum. 
▪ Excessive motion indicates joint hypermobility and SIJD.  
▪ Decreased motion indicated ipsilateral SIJD.  
 
5 Trendelenburg’s Test 
Procedure: 
▪ Patient stands facing with their back to the examiner.  
▪ Examiner instructs patients to stand on one leg and observe the movement of the iliac 
crests bilaterally. 
▪ Repeat lifting the other leg. 
Normal:  
▪ When one leg lifts the iliac crests should remain level. 
Interpretation:  
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▪ A positive sign is when the iliac crest on the side of the supported leg is elevated and 
the iliac crest of the lifted leg is lowered.  
▪ Indicates weakness of the hip adductor muscles (adductor magnus, adductor longus 
and adductor brevis), gluteal muscle paralysis, deconditioning or dystrophy.  
▪ May indicate Legg-Calve-Perthes disease, poliomyelitis, hip dislocation or fracture.  
 
6 Active Straight Leg Raise 
Procedure: 
▪ Patient is supine on the plinth. 
▪ Examiner instructs the patient to raise the affected leg to 15cm off the plinth. 
▪ If the movement is painful the examiner should stabilize the pelvis by compressing the 
homolateral ASIS.  
▪ Repeat on the other side.  
Normal:  
▪ Patient should be able to actively raise the leg.  
Interpretation:  
▪ Inability to raise the leg may indicate pelvic fracture. 
▪ Pain when raising without ASIS stabilization can indicate a pelvic fracture. 
▪ Pain when raising the leg with ASIS stabilization may indicate SIJD.  
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APPENDIX L: MANIPULATIONS 
1. Thigh-ilio Deltoid 
Indication:  
→  Posterior inferior innominate 
→ The PSIS is fixed in flexion (nutation) and extension is restricted.  
Patient position:  
→  Participant lying on the opposite side to the detected sacro-iliac restricted side.  
→ The lower hip and knee are extended while the upper leg is flexed at the hip and knee 
so that the upper foot is placed in the lower leg’s popliteal fossa (back of knee). 
→  The participant’s pelvis is positioned close to the edge of the table. 
→ The participant’s shoulders should remain as flat as possible on the bed with the arms 
across their chest to balance the participant on the side posture -position.  
Examiner position:  
→  The examiner is standing at the side of the bed, anterior to the participant in a 
fencer’s stance facing cephalad.  
→ The examiner flexed the participant’s hip until correct amount of flexion is achieved, 
with the leg then adducted. The lower leg is to remain straight.  
→  The examiner’s lateral thigh contacts the participant’s lateral thigh.  
→ The joint is thus locked into sufficient flexion and adduction.  
Hand placement:  
→ The examiner’s caudad hand contacted the participant’s upper leg’s PSIS with 
pisiform contact with the fingers pointing obliquely across the spine.  
95 
 
→ The examiner’s cephalad hand contacted the participant’s upper deltoid with her palm 
to stabilize the shoulder and provide stability.  
Technique:  
→ Increase body weight on the participant’s thigh. 
→ Rotate the innominate (hip bone) anteriorly into extension.  
→ The adjustment is delivered at the end of expiration after joint slack has been 
removed.  
→ The thrust is a body drop with sudden impulse thrust manifested by collapsing both 
legs.  
→ The caudal hand drives the PSIS anteriorly with slight torque produced from the ulnar 
deviation of the wrist.  
 
2. Ischio Popliteal Deltoid 
Indication:  
→ Anterior Superior innominate 
→ The PSIS is fixated in an extension position (counter-nutation) and restricted in flexion. 
Participant position:  
→ Participant is lying on their side with the restricted side up.  
→ The participant is positioned with their pelvis close to the edge of the bed; arms 
crossed in front of chest for balance in the side posture.  
→ Shoulders should remain as flat as possible on the bed. 
→  Upper thigh is flexed and brought off the table anteriorly.  
Examiner position: 
→ Stands in fencer’s stance at the side of the table between the participant’s legs. 
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→ The examiner places the patella of their cephalad leg into the popliteal fossa of the 
participant’s upper leg.  
→ As the examiner flexes the hip joint to its maximum, the caudad thigh laterally supports 
the participant’s thigh on the bed while widening the fencer’s stance.  
Hand placement:  
→ Hand closets to the participant’s body contacts the posterior aspect of the ischial 
tuberosity.  
→ Pisiform-calcaneal contact is placed with torque onto the contact point.  
→ Examiner’s sternum should be in line (directly behind) with contact hand while forearm 
and fingers point down line of the femur.  
→ Hand away from body of participant (cephalad) contacts the contra-lateral shoulder for 
stabilization.  
Technique:  
→ Increase the bodyweight onto the contact hand by introducing flexion and rotation of 
the innominate posteriorly.  
→ The adjustment is delivered after joint slack has been removed. 
→ The examiner’s cephalad leg tractions participant’s upper leg into further flexion, then 
the thrust is a body drop wit impulse.  
→ Line of drive is in the direction of the femur towards opposite shoulder.  
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APPENDIX M: CONSTITUITIONAL CONSENT 
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APPENDIX N: ETHICS AND HIGHER DEGREES LETTER 
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APPENDIX O: TURNITIN 
 
